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(54) Three-dimensional integrated circuit inductor 



(57) A three-dimensional inductor manufactured us- 
ing standard integrated circuit fabrication techniques, A 
first set of conductive wires (10) is formed on a sub- 
strate. A magnetic core (40) is deposited next followed 
by a second set of conductive lines (70); each set like- 
wise insulated from the magnetic core. A plurality of con- 
ductive vias (60), preferably formed around the periph- 



ery of the magnetic core link the first and the second s t 
of conductive lines through the insulation, thereby form- 
ing a continuous electric path wrapped around the mag- 
netic core. By expanding the number of sets of conduc- 
tive lines and conductive vias, several windings around 
the core may be obtained, thereby forming a primary 
and secondary windings of a transformer. 
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D scription 

FIELD OF THE INVENTION 

The present invention relates to inductive struc- 
tures, and more particularly, to an inductor for use in high 
frequency applications and which is nnanufactured using 
standard integrated circuit (IC) fabrication techniques. 

BACKGROUND OF THE INVENTION 

Inductive components play an important role in an- 
alog circuitry, especially in high frequency applications, 
such as high-pass filters, high-frequency filters, equal- 
izers, and the like. High value inductors, i.e. , in the range 
of nano-Henries (nH) to micro-Henries (^iH) are often- 
times used as voltage controlled oscillators of phase- 
lock-loop circuits for frequency synthesizers. Such de- 
vices find wide application in tuners for FM broadcast, 
general aviation, maritime and land-mobile comrtiunica- 
tions, etc. Foreseeabty. devices of this type will also find 
their way in micro-machining applications, such as mi- 
cro-motors and micro- generators. In view of the difficul- 
ty of integrating semiconductor inductors on a chip, most 
of these devices are implemented as discrete compo- 
nents, such as Motorola's Micro Metal Toroidal Core. 
Whereas discrete components offer a certain degree of 
flexibility to the design, generally, they add to the man- 
ufacturing cost and to the size of the packaging. The 
problem becomes unmanageable when many inductors 
are needed in the circuit. 

The making of semiconductor integrated circuit in- 
ductors is known in the art. Design of such devices have 
been advanced for quite some time. By way of example, 
B. C. Felton, in the IBM describes a planar coupled in- 
ductor using intermeshed or concentric conductor coils 
sandwiched in between two layers of ferromagnetic ma- 
terial. Although a planar inductor can be obtained, it is 
highly unlikely that inductances can be achieved in the 
range of micro-Henries (|j.H) or milli-Henries (mH), 
which is required in today's high performance analog ap- 
plications. 

In a second example, in US-A-5 227 659 to Hub- 
bard, an IC inductor is fabricated using standard CMOS 
techniques. The device is formed on a substrate by al- 
ternating conducting and insulating layers which are de- 
posited and patterned such that each conducting layer 
forms one loop. The loops being connected between the 
n^nsL^Slng T^erFf onrffthe^c^ 
the layers. By including a magnetic core, the inductance 
can b^ increased to values as high as 0.1 mH. The in- 
ductor thus disclosed is a multi-turn vertical coif with a 
magnetic core sitting vertically to the wafer surface. The 
process of building such an inductor requires an extra 
process step for each coil or turn, thereby making the 
construction of a device of this kind expensive and dif- 
ficult. 

In yet another example, in US-A 5 095 357 to Andoh 



et al., a semiconductor iC inductor having a planar spiral 
winding disposed on the surface of a substrate is de- 
scribed. The spiral is spaced from the substrate by a 
plurality of spaced apart electrically conductive posts 

5 having a staggered arrangement between adjacent 
windings of the spiral. Similar to the previous case, the 
magnetic core is placed vertically to the wafer surface. 
Whereas the process of building an inductor of this kind 
is simpler than Hubbard's invention, it still requires a 

10 much larger area to make an inductor with the same In- 
ductance. 

OBJECTS OF THE INVENTION 

IS Accordingly, is an object of the present invention to 
provide a three-dimensional IC inductor having an in- 
creased inductance and a reduced area and volume. 

It is another object to provide a compact inductor 
having an inductance in a range spanning from to 

20 mH. 

It is a further object to have a three-dimensional 
structure having a ferromagnetic core laying horizontally 
on the wafer surface which Is built using the same con- 
ventional process as that used for metal interconnec- 
ts tions. 

It is yet another object to provide an inductor with 
coils that require few process steps and which does not 
necessitate having additional process steps for each 
coil. 

30 It is still another object to provide an inductor which 
is essentially planar. 

It is a more particular object to provide an inductor 
with high packing density using conventional semicon- 
ductor fabrication techniques. 

3S It is yet a further object to provide an inductor which 
can be easily integrated with other devices such as tran- 
sistors, resistors and capacitors, to fomn an integrated 
circuit on a wafer. 

It is still a more particular object to provide an in- 

40 ductor having more than one coil circling around a com- 
mon core to form a transformer. 

SUMMARY OF THE INVENTION 

4S According to the general object of the present in- 
vention, there is provided in a semiconductor IC, an in- 
ductor comprising: a first plurality of conductive lines on 
a substrate; a second plurality of conductive lines sep- 
- — aratedfrom the.first.plurality=of conductivjLlines; a^ 

50 netic core between the first plurality of conductive lines 
and the second plurality of conductive lines; insulating 
material separating the first plurality of conductive lines 
and the second plurality of conductive lines from the 
magnetic core; and conducting vias extending through 

55 the insulating material and spaced from the magnetic 
core, connecting the first and second plurality of con- 
ductive lines, wherein the first and second plurality of 
conductive lin s and the conducting vias are relatively 
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positbned to form a contiguous conductive coil about 
the magnetic core. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and ad- 
vantages of the present invention will be apparent from 
the more particular detailed description of the embodi- 
ments of the invention, as illustrated in the accompany- 
ing drawings, in which: 

FIG. 1 depicts a perspective view of a prior art IC 
spiral inductor; 

FIG. 2A is a perspective view of a preferred embod- 
iment of an "L" shaped three-dimensional IC induc- 
tor, in accordance with the present invention; 

FIG. 2B. is a cross-section view of a three-dimen- 
sional IC inductor, according to the methods of the 
present invention, irrespective of its shape; 

FIGS. 3A-3E illustrate successive fabrication steps 
required to build the semiconductor IC inductor 
shown in FIGS. 2A-2B; 

FIG. 4 illustrates another embodiment of the 
present invention, i.e., athree-dimensiona! inductor 
with a trench array core; 

FIGS. 5A-5E illustrate successive process steps re- 
quired to build the semiconductor IC inductor shown 
in FIG. 4; 

FIG. 6 shows a perspective view of yet another em- 
bodiment of the present invention, i.e., a " V shaped 
three-dimensional IC inductor; 

FIG. 7 is a perspective view of the primary and sec- 
ondary windings of an IC transformer, in accord- 
ance with the present invention; and 

FIGS. 8A-8D show various representations of a cir- 
cuit that includes the inductor of the present inven- 
tion, wherein FIG. 8A is a schematic diagram of a 
transistor, a capacitor and a resistor integrated with 
the inventive inductor; FIG. SB shows the physical 
layout of the circuit of FIG. 8A; and FIGS. 8C-8D 
—are two cross-section views oithe process steps.re-_ 
quired to build the circuit shown in FIG. 8A. 

DETAILED DESCRIPTION OF THE INVENTION 

The embodiment of the invention is discussed here- 
inafter in conjunction with representative prior art to il- 
lustrate the improvements achieved in the invention. In 
all figures, like elements are giv n the same reference 
number. 



FIG. 1 is a schematic view of a prior art inductor on 
top of a semiconductor substrate (not shown). The in- 
ductor includes a spiral conductor 2 having an outer end 
3 and an inner end 4. The end 4 is connected to a lead 

s 6 through a via and lead arrangement. Via 21 penetrates 
the substrate from the top of the substrate upon which 
spiral 2 lies to the opposite side of the substrate. An elec- 
trical conductor 22 is disposed on the opposite side of 
the substrate from spiral 2 and in electrical contact with 

10 via 21 . Similarly, a second conducting via 23 outside the 
spiral penetrates the substrate. Via 23 is in electrical 
contact with conductor 22 and with via 6 so that an elec- 
trical connection can be made to the inner end 4 from 
the side of the substrate upon which the spiral is dis- 

is posed. 

Referring now to FIG. 2A. an "L" shaped inductor is 
shown having a single core plate 40. Conductive lines 
10 are first deposited, each in the shape of an "L". A 
solid core 40 of magnetic material is then placed to form 

20 the next level, bearing a height preferably in the range 
of less than 1 um to tens of microns. Conductive vias 60 
are then formed outside the periphery of the core 40 at 
the two ends of each "L" of conductive lines 1 0. The next 
set of conductive lines 70 is then formed on top of the 

25 magnetic core 40 such that the new "L" shaped conduc- 
tive lines establish contact with the previously formed 
conductive vias 60, thereby forming the continuous pat- 
tern shown in FIG. 2 A 

A cross-section of the inductor shown in FIG. 2A is 

30 depicted in FIG. 2B, in which the first plurality of planar, 
conducting lines 10 is separated from the second set of 
planar, conductive lines 70 by the magnetic core 40. 
Both sets of planar, conducting lines are electrically con- 
nected by conducting vias 80, thereby forming a loop 

35 wrapped around the magnetic core 40. Also shown, are 
the insulating layers 20 and 50 which separate the mag- 
netic core 40, respectively, from conducting lines 1 0 and 
70. FIG. 2B, as shown, is a cross-section of any three- 
dimensional inductor, regardless of its shape. 

40 The inductor thus formed has an estimated induct- 
ance which may be expressed by the following equation: 

L-(Uo*U^*W*t*N**2)/€, 

wherein 

45 

Uq = the vacuum permeability = 1 .257 10"^ H/m, 
Ur = relative magnetic permeability of the core, 
W = width of the magnetic core, 

_ _ t = Mckness^rthe nnagnetic core. 

so N = number of turns of the "metal coils-Tand 
€ = the length of the magnetic core. 

By way of example: for an inductor having = 
1,000, W = 20|am. t= 1 ^tm, €~ 150 M-m and N =10. an 
55 inductance of L = 50.3 nH is thereby obtained. 

Similarly, for U, = 2,000. W = 100 ^m, t = 1 € = 
150 lim, and N = 70, th inductanc is L = 8.21 ^iH. 

The fabrication process steps illustrated in FIGS. 
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3A-3E will now be describ d in more detail. 

The substrate 300 material upon which the struc- 
ture is built can be a bulk Si wafer or a Sion-Oxide (SOI) 
wafer or any other materia! such as glass, quartz plate, 
GaAs. Ge, SiC, diamond, and the like. 

Since the substrate 300 can be either a conductor 
or a semiconductor, a layer of insulation 301 (FIG. 3A) 
must first be deposited. This film can be made of oxide, 
nitride, or polymer, with a thickness that ranges from 200 
nm to more than 1 |jjm. The deposition method most 
commonly used encompasses GVD (Chemical Vapor 
Deposition), spin-off, coating, or sputtering, all of which 
are conducted at a temperature below 400 °C. 

A conductor 1 0 made of Al. Gu, or any alloy thereof 
and having a thickness of. preferably, 200 nm to 1 ^un, 
is deposited as a film on top of the substrate. As previ- 
ously described, the method of deposition encompass- 
es GVD, evaporation, sputtering, plating and the like, 
again at a temperature below 400 '^C. 

A second layer of insulation 20 of similar materia! 
to layer 301 is then deposited. It would be preferable to 
make it with an RIE (Reactive Ion Etch) having an etch 
rate different (i.e., slower) than that applied to layer 301 , 
so that it may be used as an etch stop film. Such a ma- 
terial could be alumina (AI2O3). As may be seen from 
FIG. 3B, the etch stop film 20 ensures proper functioning 
during the opening of the dialectric layer to avoid exces- 
sive etching. Layer 20 additionally provides the function 
of insulating the film positioned between the bottom con- 
ductor 10 and the core materia! 40. Next, the conductor 
10 and the insulating layer 20 are patterned. Again, RIE 
can be advantageously used to etch both films via a suit- 
able lithographic tool. 

A third insulator layer 30 of the same material as 
301 is then deposited and planarized. This layer fills the 
depressions and crevasses of layer 302. Planarization 
can be achieved by etch back, chem-mech polish, ther- 
mal reflow, or any combination thereof. The resultant in- 
sulator thickness may range from 0.5 pjn to several mi- 
crons. 

Practitioners of the art will readily appreciate that 
the structure comprised of layers 1 0 and 20 cannot take 
the shape depicted in FIG. 3A without several additional 
steps that include RIE processing so as to restrict con- 
ductor layers 1 0 and 20 to conform to the shapes shown 
in FIGS. 2A-2B. 

After resist patterning, area 42 is etched opened in 
a plasma etch with a stop at layer 20, maintaining an 
etch rate ratio of layer 30 to lay er 20 to approximately 
20:1 . This region 42 is ultimately filled with permalloy or 
ferromagnetic material to form a core plate. It is impor- 
tant to note that it is possible to etch and stop at layer 
20 to keep the core material at a constant distance from 
the bottom conductors. 

Referring now to FiG. 3C, a layer of core material 
40 is deposited (and subsequently planarized) on top of 
layer 20 such that it fills all open areas 42. The core ma- 
terial is preferably deposited at a temperature ranging 



from 100 ''C to 400 °C, which is well suited for metal 
conductors having a low melting point. An example of 
such material is a Fe^Nieo-xSis amorphous film. It is high- 
ly desirable to overfill all th openings to subsequently 
5 polish any excess material. After completing the polish- 
ing operation, the core materia! 40 is formed as a plate 
or as an array of parallel lines, as will be described here- 
inafter. 

A layer of dielectric film 50 is then deposited to cover 

10 the core material, preferably with the same material 
used for 30, Vias are patterned, etched open until they 
reach the bottom conductive film 1 0, and filled with con- 
ductive materia!. The diameter of the vias is dependent 
on the size of the bottom wires, which can range from 

is sub-micron dimensions to several microns. Preferably, 
the material used for filling the vias is TIN, W, Al, Cu, 
and the like. The filling process is then completed by 
pianarizing the surface, using conventional methods. 
The resultant structure is shown in FIG. 3D. 

20 Referring now to FIG. 3E, conductor material 70 is 
deposited and patterned so as to form a coil with con- 
ducting vias 60 and layer 10 around core 40. As in the 
previous process step, the material can be Al. Cu, W, 
alloys or doped amorphous Si. It will be appreciated that, 

25 with appropriate patterning of the conductive and core 
layers, the process described above can be used to form 
torroidal coils, for example, the "L" shaped coil shown 
in FIG. 2A. 

Shown in FIG. 4, is an "L" shaped inductor having 

30 a trench array as its magnetic core. A trench array is 
understood to be a set of parallel stripes of ferromag- 
netic material separated from each other by insulating 
material. The manufacturing process steps for a trench 
array inductor, as illustrated in FIGS. 5A-5E exactly cor- 

35 respond to the process steps just described for the solid 
core inductor shown in FIGS. 3A-3E. These include: the 
deposition and patterning of a conductive layer 10 on 
top of the insulated substrate 300, the formation of in- 
sulating layers 20 and 30. followed by planarization, and 

40 the formation of open area 42, wherein ferromagnetic 
material is to be deposited. The sole exception corre- 
sponds to the step shown in FIG. 5B, wherein an array 
of trenches is formed rather than the previous single 
core plate. Again, the steps following the filling of open 

45 area 42 with core material, namely, depositing an insu- 
lating layer 50 (FIG. 5C), forming conducting vias 60 
(FIG. 5D), and depositing and patterning the second 
conductive layer 70 (FIG. 5E) are similar to the steps 
previously explained for the solid core in FIG^ 3. A dis- 

50 tinct advantage of using an array of trenches is ease of 
processing, particularly since such a design does not 
require filling a large opening while maintaining good 
planarity. 

In yet another embodiment of the present invention 
55 shown in FIG. 6, a "V shaped inductor with a solid core 
plate is illustrated, wherein the coils rather than being 
perpendicular to each other take the shape of a "V". It 
is evident that for such a "V structure, a trench core 
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array of the type shown in FIG. 4, could have been used 
with equal success. Practitioners of the art will readily 
appreciate that other "toroidal" shapes, that Include zig- 
zags and the like, may b used with equal success. 

FIGS. 7 shows a perspective view of a transformer 
in a monolithic IC which is fabricated using the same 
techniques described for the three-dimensional induc- 
tor. Shown are two coils separated by an insulating film 
but intertwined around the same ferromagnetic core. 
The coils can take either the aforementioned "L" shape 
or shape of the inductor. This structure greatly in- 
creases the mutual coupling between the windings and 
makes an efficient on-chip transformer which can find 
wide application in micro-machining structures, such as 
micro-motors and micro-generators. Shown in FIG. 7 
are the primary winding (identified as A-A') and the sec- 
ondary coil, (as B-B'). If required, more than two coils 
around the same core may be used. 

Referring now to FIGS. 8A-8D. a circuit is shown 
that integrates the tree-dimensional inductor with other 
active and passive IC components, such as a transistor 
T, a capacitor C and a resistor R. 

FIG. 8A is a schematic diagram of a circuit that in- 
cludes the three-dimensional inductor FIG. SB illus- 
trates the physical layout corresponding to the circuit 
shown in FIG. BA. 

Transistor T includes a gate 200 which is made with 
conventional gate material, such as, polysilicon, silicide, 
or metal. The diffusion area 110 that forms the source 
and the drain are, likewise, fabricated using convention- 
al process techniques that include ion implantation and 
annealing. 

Resistor (R) 116 shown is an implant resistor which 
is formed with boron or any other such Ion implantation 
material. Practitioners of the art will fully appreciate that 
other acceptable materials may be used for making re- 
sistors, e.g.. Implanted conductors, Insulators, or semi- 
conductor wires. Also shown are the contacts and inter- 
connects 115 for the resistor, which are made of any 
metal, such as doped polysilicon, silicide, and the like. 

Capacitor 0 is shown having a lower plate 304 
made by diffusion, an upper plate 300 made by gate 
polysilicon. The capacitor dielectric (shown In more de- 
tail in FIG. 8D) can be made of the same gate oxide pre- 
viously used for transistor T. A first contact is made to 
the upper plate 300. while a second contact is made to 
the lower plate 304, both of which directly contact the 
metal level. 

Finally, the three-dimensional inductor is shown 
having lower and upper "L" shaped metal colls 10 and 
70, respectively, and a sandwiched magnetic core insu- 
lated by layers 31, and an etch stopper 20 running 
through the middle of the coils. 

Shown in FIGS. 8C and 8D are two cross-section 
views of the stmctur depicted in FIG. 8A. wherein E-E' 
is a cross-section passing through transistor T, resistor 
R and the middle of th Inductor. This is fully Illustrated 
in FIG. SC. The second cross-section F-F* crosses only 



the capacitor C. as shown in FIG. 8D. 

Refen-Ing to FIG. 8C. the local Isolation layers 100 
isolates each devic from other devices. This can be 
formed by a conventional shallow trench. local recess 

s oxide, or poly buffered oxide. The transistor has a gate 
200, gate dielectric 201, source/drain area 110 and 
source/ drain contacts. More specifically, one contact 
from source/drain is made to establish a connection to 
the first level of metal 90. (also constituting the bottom 

10 layer 1 0 of the inductor) whereas, the other contact from 
source/ drain Is made to connect to the second level 
metal 160. The resistor diffusion area 115 indicates 
deeper diffusion at the contact areas to avoid uncertain- 
ty of the resistance value caused by poor contact resis- 

is tlvity and other similar problems. Both terminals of the 
resistor are connected to the first metal 10 through con- 
ducting vias 60. The bottom coll of the inductor can be 
the first level metal and coll can be the second level met- 
al. 

20 FIG. 8D shows the cross-section of a plate capaci- 
tor. One example, is to use polysilicon gate 300 and dif- 
fusion layer 304 as the upper and lower plate, respec- 
tively. The wiring of the capacitor Is also shown. Again, 
in order to further save chip layout area, a trench capac- 

25 itor. a stack capacitor, or any other high density capac- 
itor can be Implemented with equal success. 

All embodiments of the present invention herein de- 
scribed have shown an inductor which is fully integrable 
with other active and passive components that form a 

30 monolithic integrated circuit. The novel Inductors are in- 
tegrable not only because they are formed on the same 
substrate, but because they are formed using conven- 
tional IC techniques. 

While there has been described and Illustrated sev- 

33 eral embodiments of a three-dimensional Inductor in an 
IC, it will be apparent to those skilled in the art that mod- 
ifications and variations are possible without deviating 
from the scope of the Invention which shall be limited 
solely by the appended claims. 

40 

Claims 

1. In a monolithic integrated circuit, an Inductor com- 
45 prising: 

a first plurality of planar conductive lines on a 
substrate; 

so a second plurality of planar conductive lines 

separated from said first plurality of conductive 
lines; 

a magnetic core between said first plurality of 
55 conductive lines and said second plurality of 

conductive lines; 

Insulating material separating said first plurality 
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of conductive lines and said second plurality of 
conductive lines fronn said magnetic core; and 

conductive vias extending through said insulat- 
ing material and spaced from said magnetic 
core, connecting said first and second plurality 
of conductive lines, wherein 

said first and second plurality of conductive 
lines and said conductive vias form a contigu- 
ous conductive coil about said magnetic core. 

The inductor as recited in claim 1, wherein said 
magnetic core is placed horizontally over said sub- 
strate. 

The inductor as recited in claim 1, wherein said 
magnetic core is selected from a group that includes 
permalloy and ferromagnetic material. 

The inductor as recited in claim 1, wherein said 
magnetic core is made of FexNis^.^Sls. 

The inductor as recited in claim 1 , wherein the in- 
ductance of said Inductor approximates: 



L = (Uo *U *W*t* N**2)/€, 



wherein 



Ur = 
W = 
t = 
N = 



the vacuum permeability = 1.257 10"® H/m, 
relative magnetic permeability of the core, 
width of the magnetic core, 
thickness of the magnetic core, 
number of turns of the "metal coils", and 
the length of the magnetic core. 



6. The inductor as recited in claim 1 , wherein said first 
and second conductive lines each have either an 
"L" or a shape. 

7. The inductor as recited in claim 1, wherein said 
magnetic core is a solid plate and comprises an ar- 
ray of spaced metallic conductors. 

8. The inductor as recited in claim 1 , wherein said first 
and second plurality of conductive lines are select- 
ed from a group that consists of Cu, Al, and alloys 
thereof. 

9. The inductor as recited in claim 1 . wherein said sub- 
strate is selected from a group that consists of Si, 
GaAs, Ge. SiC and glass. ~ ~^ 

10. The inductor as recited in claim 1 , wherein said in- 
sulation is selected from a group that consists of ox- 
ide, nitride, and polymer. 

11. The inductor as recited in claim 1 , further compris- 



ing a third and fourth plurality of conductive lines 
separated from each other by said magnetic core 
and respectively connected to each other by a sec- 
ond set of conducting vias, thereby forming a sec- 
5 ond continuous electric path independent and insu- 
lated from said first electric path. 

12. The inductor as recited in claim 1 , further compris- 
ing electrical connections to circuit elements, 

10 wherein said circuit elements include active and 
passive elements. 

13. In a monolithic integrated circuit, a transformer 
comprising: 



15 



20 



25 



30 



35 



40 



45 



SO 



at least two first sets of conductive lines on a 
substrate; 

at least two second sets of conductive lines 
separated from said at least two first sets of 
conductive lines; 

a magnetic core placed between said first sets 
of conductive lines and said second sets of con- 
ductive lines; 

insulating material separating said at least two 
first sets of conductive lines and said at least 
two second sets of conductive lines from said 
magnetic core; 

a first plurality of conducting vias extending 
through said insulating material and spaced 
frorn said core, connecting the first of said at 
least two first sets of conductive lines to the first 
of said at least two second sets of conductive 
lines; 

a second plurality of conductive vias extending 
through said insulating material and spaced 
from said core, connecting the second of said 
at least two first sets of conductive lines to the 
second of said at least two second sets of con- 
ductive lines, wherein 

said first of said at least two first sets and said 
first of said at least two second sets of conduc- 
tive lines form, respectively, with said first plu- 
==ral ity of conducting vias a first Independent con- 
tiguous conductive coil about said magnetic 
core, and 



said second of said at least two first sets and 
said second of said two at least second sets of 
55 conductive lines form, respectively, with said 

second plurality of conducting vias a second in- 
dependent contiguous conductive coil about 
said magnetic core, 
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thereby providing a primary and a secondary 
winding of the transformer. 



21. The method of fabricating an inductor as recit d in 
claim 14, wherein said magnetic core is mad of 
FexNiso-xSis- 



14. In a monolithic integrated circuit, a method of fabri- 
cating an inductor, comprising the steps of: 



5 22. 



The method of fabricating an inductor as recited in 
claim 14, wherein said magnetic core forms a solid 
plate and comprises an array of metallic conduc- 
tors. 



providing a substrate; 



depositing on said substrate a first plurality of 
conducting lines; 



10 23. 



The method of fabricating an inductor as recited in 
claim 14, further comprising forming electrical con- 
nections to circuit elements, wherein said circuit el- 
ements include active and passive elements. 



depositing over said first plurality of conducting 
lines a magnetic core insulated from said first 
plurality of conducting lines; 



IS 



depositing over said magnetic core a second 
plurality of conductive lines insulated from said 
magnetic core; and' 

forming conducting vias connecting said first 20 
and second plurality of conductive lines through 
said insulation and spaced from said magnetic 
core, thereby providing a contiguous conduc- 
tive coil about said magnetic core. 



15. The method of fabricating an inductor as recited in 
claim 14, further comprising the step of: 

depositing a first insulating layer over said first 
plurality of conductive lines. 30 

16. The method of fabricating an inductor as recited in 
claim 14, further comprising the step of: 

depositing a second insulating layer over said 55 
magnetic core to provide insulation between 
said magnetic core and said second plurality of 
conductive lines. 

17. The method of fabricating an inductor as recited in 40 
claim 14, wherein the step of forming conducting vi- 
as includes placing said vias around the periphery 

of said magnetic core. 

1 8. The method of fabricating an Inductor as recited in 
claim 1 4, wherein said magnetic core is placed hor- 
izontally over said substrate. 

19rThXnTethbd of fabricating an^inductor as recite „ ___ 

claim 1 4, wherein said steps of depositing said first so 
and said second plurality of conductive lines in- 
cludes forming conductive lines each having an "L" - 
or a "V" shape. 

20. The m thod of fabricating an inductor as recited in ss 
claim 14, wherein said magnetic core is selected 
from a group that consists of permalloy and ferro- 
magnetic material. 
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